Objective: The objective was to examine the percentage and severity of obesity and some common biochemical coronary heart disease (CHD) risk factors in a sample of healthy Kuwaiti adult males ! 45 y of age. We also sought to determine the percentage of males at increased risk due to the presence of multiple CHD risk factors. Design: The study was a cross-sectional study. Setting: The study was conducted in all men who underwent a mandatory job related physical examination or who sought to obtain retirement benefits. Subjects: A total of 740 healthy Kuwaiti males between the ages of 45 to 80 y. Results: In all, 37% of the men were obese, 26% had elevated glucose values and 52% had elevated or high cholesterol levels. Some had multiple risk factors for CHD, including age ! 45 y, obesity, male gender, hyperglycemia and hypercholesterolemia. Blood glucose values increased consistently from younger (45 -54 y) to older age groups (55 -64 and ! 65 y). Blood glucose values varied inversely with education level. Conclusions: In societies with relatively uniform income levels, educational level may be a better indicator of chronic disease risk than income per se. These results, showing a high percentage of men with several risk factors and high mean values, suggesting more severe risk, suggest that immediate action should be taken to develop a public health intervention strategy to educate Kuwaiti men to become aware of the causes and correlates of CHD and how to decrease their risk for CHD and heart attack, the leading cause of death in Kuwait.
Introduction
The World Health Organization (WHO, 1998) estimates that cardiovascular diseases are responsible for 15 million deaths worldwide each year. While deaths from circulatory diseases declined from 51 to 46% of total deaths in the developed world from 1985 to 1997, they increased from 16 to 24% of total deaths in developing countries. Most deaths from circulatory diseases were due to coronary heart disease (CHD; 7.2 million; WHO, 1998) . Although cardiovascular deaths appear to be declining in developed countries, this trend has not yet been observed for high-income countries of the Middle East (Miladi, 1998) .
There are a number of factors that have been shown to contribute to the development of cardiovascular diseases. These include high total and LDL cholesterol levels, low HDL cholesterol levels, high blood pressure, obesity (especially abdominal obesity), cigarette smoking, increasing age, male gender, familial predisposition and inactivity. High blood cholesterol, high blood pressure and cigarette smoking have each been shown to double the chance of an individual developing heart disease (LaRosa et al, 1990; Carleton et al, 1991) . Mortality from cardiovascular disease is about 2.5 times higher in men than in women and occurs earlier in men. Hyperglycemia has also been shown to be a risk factor for CHD. Recently, Khaw et al (2001) showed that an association exists between glycosolated hemoglobin levels (a measure of blood glucose over the preceding 3 months) and CHD risk even in those with glucose values in the normal clinical range. This suggests that even lower levels of blood glucose than previously thought may be associated with increased risk of CHD mortality.
An individual's risk profile is not only affected by the presence of multiple factors but also by the level or severity of those factors. In middle-aged men, high blood cholesterol values may be the most significant risk indicator for CHD. For each 1% increase in cholesterol values, CHD risk is estimated to increase by 3% (LaRosa et al, 1990) .
Obesity produces few overt symptoms in young adults below the age of 40 y (Lean, 2000) . However, after that age (from 45 y onwards) symptoms develop.
There have been several studies of single risk factors for chronic diseases in Kuwait, such as studies of overweight and obesity (Emara et al, 1989; Al-Isa, 1995 , 1997a ,b, 1999a Akanji et al, 1999; Al-Awadi & Amine, 1989; Malaviya et al, 1998; Moussa et al, 1999) or diabetes mellitus (Abdella et al, 1995 (Abdella et al, , 1998 (Abdella et al, , 1999 . However, most of these studies have focused on children (Al-Isa, 1999a,b; Moussa et al, 1999) , college students or other young adults (up to age 40 y) (AlIsa, 1995 (AlIsa, , 1997a (AlIsa, ,b, 1999a Akanji et al, 1999; Al-Awadi & Amine, 1989) . No studies have examined overweight and obesity along with other risk factors for CHD in an exclusive sample of older adults ( ! 45 y of age) or that was generally representative of the healthy free-living Kuwaiti population.
According to previous studies, obesity in Kuwait is increasing , is among the highest in the Gulf states (Al- Moussa, 1996; Musaiger & Sullivan, 1998) , and is speculated to be related to the high mortality rate from CHD (Al- Moussa, 1996; Akanji et al, 1999) , osteoarthritis (Malaviya et al, 1998) , and diabetes mellitus (Emara et al, 1989; Alwan & King, 1992; Abdella et al, 1995) seen in Kuwait.
Purpose
The purpose of this study was to examine the relationship between body mass index (BMI) and some common biochemical CHD risk factors in a sample of healthy older Kuwaiti adult males. We wanted to ascertain whether the risk profile (assessed by measuring blood glucose and total cholesterol values) of the older males differed from those reported from studies of younger males. We also sought to determine the percentage of Kuwaiti males at increased risk due to the presence of multiple risk factors for CHD.
Methods

Background on Kuwait
Kuwait is an oil-rich country with an area of 17 818 km 2 located at 30.27 N and 48.46 E. It is bordered on the north and west by Iraq, on the south by Saudi Arabia and on the east by the Arabian Gulf. The total population is about 2 million, however only about 700 000 of these are Kuwaiti citizens (Ministry of Information, 1996) ; the others are mostly foreign contract workers. Kuwaiti citizens enjoy a high standard of living that includes free education, medical care and other amenities. The discovery of oil in the 1940s has brought dramatic changes in living standards. These changes have led to significant improvements in lifestyle and standards of living. With increased income have come increases in daily energy intake (Al-Isa, 1999a,b; Al-Awadi & Amine, 1993) . Fast food restaurants abound in several Gulf countries, giving easy and increasing access to meals containing high levels of sodium and saturated fat. Increased energy intake, coupled with low levels of physical exertion, due in part to the large numbers of foreign workers and the increase in labor-saving devices, are associated with a notable rise in body fatness over the last three decades (Al-Awadi & Amine, 1993; Al-Isa, 1999a,b) .
The consumption of high-energy fast foods is prevalent (Al- Moussa, 1996; Al-Shawi, 1992; Al-Awadi & Amine, 1993; Kamal & Martinez, 1983) . The overall life expectancy at birth is 76.8 y. The life expectancy of females exceeds that of males. Heart disease is the leading cause of death and account for an increasing number of hospital admissions (Al-Mousa, 1996) .
The Nutrition Unit's surveillance efforts include the measurement of weights, heights and various biochemical measures. During early 1998 through July 2000 the Nutrition Unit of the Ministry of Health monitored the health of over 12 000 adult Kuwaitis attending various employment-related social and health facilities in Kuwait. From this larger sample, we report on all males in that sample who were ! 45 y of age. For these males who attended the Kuwait Medical Council (MC) and Public Authority for Social Security (PASS) both body mass and biochemical data were obtained. The Kuwait MC provides check-ups for potential employees who wish to begin government service. A variety of parameters are routinely checked during this mandatory check-up. They include, for example, a physical examination, an examination of blood for HIV=AIDS, a chest X-ray and urine analysis. Only one center of this type exists for the entire country. The subjects utilizing this center are healthy. If health problems are identified during the screening process, these cases are referred to an appropriate health facility for medical intervention. The MC is not a center to which potentially sick patients would go for treatment. Another site was the PASS, which provides pension money to retirees, or if they are deceased, to their spouses. PASS offers free services and is the only center of its type in Kuwait. The PASS is not a clinic and it does not conduct medical or clinical examinations. At both centers, the purposes of the surveillance efforts were explained and volunteers sought. The Ministry of Health approved this study. Informed consent was secured from each subject before data were obtained.
Multiple coronary risk factors RT Jackson et al
We collected background data that included a variety of socio-economic and socio-demographic information, including education level, occupation and age. Height and weight were also obtained. Height was measured to the nearest 0.1 cm, using a stationary height board calibrated in cm. Weight was measured to the nearest 0.1 kg using a Seca electronic balance (Seca 770). Body mass index (BMI) was calculated from weight and height as weight (in kg)=height (m) 2 . We used WHO suggested cut-offs to define the various weight categories (WHO, 1998 (WHO, 1995) .
Biochemical values
Capillary blood from the finger was taken from all subjects while they were in a sitting position. Glucose was measured using an Accutrend GCT=Accutrend Alpha (Roche Company, Germany) glucometer. Cholesterol was analyzed using the Reflotron (Boehringer Mannheim, Germany). This device meets the performance standards of the American NCEP Laboratory Standardization Panel. Normal values for glucose and cholesterol were < 10.0 mmol=l and < 5.2 mmol=l, respectively. Elevated and high cholesterol values were defined as 5.2 -6.19 mmol=l and ! 6.2 mmol=l, respectively. Random glucose values > 10.0 mmol=l (hyperglycemia) may be indicative of underlying diabetes.
Statistical methods
Data were analyzed using the Statistical Package for the Social Sciences (SPSS), version 10.05. Statistics used included means, frequencies, Pearson product -moment correlation, Student's t-test, analysis of variance (ANOVA), w 2 , and multiple linear regression. The t-test and ANOVA were used to determine whether means were significant. When several means were tested in this way, Tukey's statistic for multiple comparisons was used. We used multiple linear regression to predict the relationship between total cholesterol and several independent variables, examining each variable separately while keeping the other variables constant. The independent variables included age and BMI levels. A P < 0.05 was considered significant.
Results
Background characteristics
The sample consisted of 740 Kuwaiti males between the ages of 45 and 80 y. Five-hundred and twenty-eight (528) were between the ages of 45 and 54, 186 were between 55 and 64 y, and 26 were 65 y or greater in age. Eleven percent of the men were retirees while the largest actively working categories classified themselves as professional (13.1%), skilled (46.2%) or technical (18.2%) workers.
Seven percent (7.2%) of the sample were either illiterate or were able to read only at the primary school grade level. Over half (50.8%) were educated at the intermediate or secondary level. The reminder (42%) had post-secondary, university or post-graduate education. One-quarter (25.1%) of the men had completed their education at the college level or beyond. Table 1 describes the age, BMI and biochemical characteristics of the men.
BMI findings
Overall, 37% of the men had BMI values of 30 kg=m 2 or greater. According to the WHO classification, 27, 7.7 and 2.2% of the men, respectively, exhibited class I, II, or III obesity. Some 39.6% of the 45 -54 y age group were obese, 38.7% of the 55 -64 age group were obese, and 19.2% of the 65 and older age group were obese. Table 2 shows the percentage of the men with abnormal BMI, glucose and cholesterol values as a function of their age. More than a third (36%) of the men had elevated (5.2 -6.19 mmol=l) cholesterol while an additional 15% had high ( ! 6.2 mmol=l) cholesterol values. Overall, 26% of the men had high ( > 10 mmol=l) blood glucose values. Of the 528 men between the ages of 45 and 54 y, 192 (36.4%) and 84 (15.9%), respectively, had elevated and high cholesterol levels. In the 55 -64 y age group, 63 (33.9%) and 22 (11.8%), respectively, had elevated and high cholesterol values. In the 65 and older group, nine (34.6%) and three (11.5%) of the men had elevated and high cholesterol values. By age group, 52.3% of the 45 -54, 45.7% of the 55 -64, and 46.1% of the 65 y and over men had either elevated or high cholesterol values. Thus, overall more than one-half of the men had elevated or high cholesterol levels.
Biochemical findings
Seventeen percent of the 45 -54 y age group had high glucose values, 33.1% of the 55 -64 age group had high glucose levels, and 38.5% of > 65 y olds had high glucose levels. Analysis of variance revealed that the mean blood glucose and BMI values differed significantly among the three age groups. That is, the mean glucose value for the 55 -64 age group (8.8 AE 4.4) was significantly greater Multiple coronary risk factors RT Jackson et al (P < 0.01) than that of the youngest age (45 -54 y) cohort (7.3 AE 3.8). The mean BMI of the 65 and older group (26.4 AE 3.2) was significantly lower (P < 0.05) than that of the 45 -54 y age group (29.4 AE 4.6). Table 2 shows the percent of men with high cholesterol, glucose, and BMI values. Table 3 shows the relationship between level of educational attainment, BMI and blood values. Mean cholesterol levels were similar at each educational level, except for those with a post-graduate education. Men at the highest educational levels had the highest mean cholesterol values, while illiterate men had the lowest mean cholesterol level. The mean BMI of the education groups varied in a similar manner, that is, those with less education had a lower BMI. Contrary to the trends for BMI and cholesterol values, mean glucose concentrations varied inversely with educational achievement. Kuwaiti men with lower levels of education had the highest mean blood glucose levels and those with the highest levels of education had the lowest mean blood glucose values. Their blood glucose values were also more homogeneous (less variable). Thirteen percent of the men held professional jobs, 9% were administrators, 18% were technical people and 46% were skilled workers. There were no differences (P > 0.05) in mean cholesterol or BMI levels among the different occupational categories. Skilled workers had significantly (P < 0.05) higher blood glucose levels than did professionals, administrators and those in the technical professions.
Education and occupation
Presence of multiple risk factors
Of the 740 men, 38 (5.1%) had both abnormally elevated glucose and cholesterol values. Eighteen of the men (47%) with abnormal glucose and cholesterol values were obese (BMI values ! 30.0 kg=m 2 ). Table 4 shows cholesterol and glucose levels according to WHO BMI classifications. There was a significant association between cholesterol values and BMI (r ¼ 0.1, P ¼ 0.05, n ¼ 740). The mean cholesterol values increased with increasing BMI (Table 4 ). The mean cholesterol of those at the highest BMI was greater than those who were normal or overweight. The mean blood glucose of those who were overweight, who had class I or class II obesity was slightly, although not significantly, higher than in those with normal BMI values. A multiple linear regression was calculated to predict men's cholesterol levels based on their BMI and age. A significant regression equation was found (F(2737) ¼ 3.88, P ¼ 0.021), with an r 2 of 0.01. The men's predicted cholesterol level is equal to 6.157 7 0.018 (Age) þ 0.0059 (BMI). Age was significantly and inversely related to cholesterol levels. BMI was not a significant predictor of cholesterol.
Discussion
Thirty-seven percent of this sample of Kuwaiti males 45 y of age or older were obese. Eight percent (7.7%) had grade 2 obesity and 2.2% had grade 3 obesity (ie were severely obese). This is the first study from Kuwait to examine the prevalence of moderate and severe obesity in older males, Multiple coronary risk factors RT Jackson et al many of whom are at the greatest risk of having a heart attack.
The percentage of obesity in these older males, moreover, appears to be higher than that observed in the younger age cohorts studied previously in Kuwait. For example, Al-Isa (1999a,b) studied 515 Kuwaiti college aged men and reported an obesity prevalence of 11.1%. In another study conducted on a 'random sample of 842 Kuwait University students' of both genders, obesity was present in 8.9% of the subjects (AlIsa, 1999a, b) . In a cross-section of 3435 Kuwaiti adults, Al-Isa (1995) found an obesity prevalence of 36.4%. Thus, it appears that the prevalence of obesity increases with age among Kuwaiti males, probably peaking in the fifth or sixth decade of life (Table 2 ). Various studies have reported an increased energy intake from fast foods and a relatively high prevalence of inactivity in adults (Al-Moussa, 1996; Abdella et al, 1999; Miladi, 1998; Musaiger & Sullivan, 1998) as a cause of the high and apparently increasing prevalence of obesity in Kuwait. However, it is not clear to what degree these lifestyle factors contribute to the high levels of obesity in our sample.
We examined the prevalence of hyperglycemia as a separate and independent risk factor for CHD, since hyperglycemia diabetes (hyperglycemia) may double CHD risk. Overall, 26% of the men had elevated blood glucose values. However the percentage with abnormal values increased with age (17.1% in the 45 -54 y age group, 33.1% in the 55 -64 y age group and 38.5% in 65 y and over age group). The mean glucose levels of the 55 -64 y and the 65 and older males were higher than those of the 45 -54-y-old age group. According to Abdella et al (1999) , type 2 (non-insulin-dependent) diabetes is emerging as a leading chronic disease among the adult Kuwaiti population. In the young adult population, the overall prevalence rate of glucose intolerance reached as high as 15.8% in Kuwaiti adults under 50 y of age. Obesity and physical inactivity were documented as correlates of diabetes in that study. Moreover, Abdella et al (1998) found that diabetes prevalence increased with age, being 5.7% in 20 -39-y-olds and 18.3% in 40 -59-y-olds. Obesity was again identified as a significant risk factor for diabetes among those adults. Hyperglycemia, a symptom of diabetes, also increased with age in our sample. Although a trend is evident, caution should be exercised in inferring from the small number of men (n ¼ 26) in the ! 65 age group. It is unclear whether diabetes was the cause of the observed hyperglycemia in our study, since we did not study glucose tolerance. However, the studies by Abdella et al (1998) do suggest that diabetes is an important and widely prevalent public health problem in Kuwait. Table 3 showed an inverse relationship between levels of education attained and blood glucose levels. Kuwaiti males with higher glucose values tended to be less well educated compared to those with lower glucose values. These results are consistent with findings from elsewhere which suggest that socio-economic status strongly influences chronic disease risk (NHLBI, 1995) . There was no discernible relationship of education or occupation to cholesterol or BMI levels. This may be the result of the relatively homogeneous nature of this sample (the wealthy Kuwaitis do not work in Government ministries) or that such a relationship is not present in this group. In many developing non-Western societies, where greater income stratification may exist, increased incomes have been found to be closely related to higher levels of obesity and to elevated BMIs (Delpeuch & Maire, 1997; Reddy, 1998) .
Previous surveys of smoking initiation and prevalence in Kuwait indicate that smoking begins at an early age ( $ 17 y) and that smoking prevalence increases with age Radovanovic et al, 1999) . For example, in a self-administered survey questionnaire completed by 1798 Kuwaiti adult males working in various job categories within diverse government ministries, Moody et al (1998) found that 34.4% were current smokers and 17.7% were former smokers. Radovanovic et al (1999) found an even higher prevalence of current smokers in males (ie 37%). We did not collect data on smoking, but all of the men in our sample were either current or former employees of ministries, where high rates of cigarette smoking ( $ 35%) are typical. Thus, it would not be unreasonable to assume that many of these men were also cigarette smokers. Cigarette smoking increases the risk of CHD.
In our sample, 38 older adult males (5.1% of the sample) were shown to have multiple CHD risk factors that included hyperglycemia and hypercholesterolemia. Eighteen of these men were also obese (BMI ! 30 kg=m 2 ). Thus we found in this sub-sample of 38 men five risk factors for CHD, including male gender, age at and above 45 y, hyperglycemia, hypercholesterolemia and obesity.
Smoking, hypertension, sedentary lifestyle and diabetes mellitus, although not measured in this study, have all previously been shown to be both present and increasing in prevalence in Kuwait, especially among the male population Sugathan et al, 1998; Al-Adsani et al, 2000) . It is important to remember that this sample was not composed of men who entered the nutrition surveillance system for health reasons or who had medical problems. It consisted of men who were generally healthy and overwhelmingly (89%) still actively a part of the workforce. Future studies should focus more attention on multiple risk factors in older individuals (males and females who are 45 and 55 y of age and older, respectively) for whom the likelihood of a heart attack is greatest.
